In order to review anaesthetic morbidity in our remote rural hospital, a retrospective audit of all anaesthetic records was undertaken for a five-year period between 2006 and 2010. Eight hundred and eighty-nine anaesthetic records were reviewed. The patients were all American Society of Anaesthesiologists physical status I to III. Ninety-eight percent of the anaesthetics were performed by general practitioner (non-specialist) anaesthetists. There were no anaesthetic deaths or serious adverse outcomes reported over this period. Sixteen intraoperative and seven postoperative problems were documented, but all were resolved uneventfully. The most common problems documented were difficult intubation (n=9) and respiratory depression (n=3). Within the limitations of this retrospective audit, these findings indicate that general practitioner anaesthetists provided safe anaesthesia in a remote rural hospital. It is our opinion that the case selection, prior experience of anaesthetic and theatre staff, stable nursing workforce and the use of protocols were important factors in determining the low rate of adverse events. However, we caution against over-interpretation of the data, given its retrospective nature, relatively small sample size, reliance on case records and the absence of agreed definitions for adverse events. We would also like to encourage all anaesthetic services, however remote, to audit their results as part of ongoing quality assurance.
Few studies have been undertaken concerning the morbidity of anaesthetic practice in rural Australia. The most recent studies show low frequencies of anaesthetic mortality in rural sites 1, 2 . The Victorian anaesthesia-related morbidity report included teaching hospitals. Morbidity rates in this audit were expected to be low, because the most complicated cases (elderly and American Society of Anesthesiologists physical status III to IV) are managed in tertiary centres 2 . Analysis of critical incidents has been an important aspect of improving anaesthetic safety 3 . The Australian Incident Monitoring Study and its successor, the Safety Learning System, have led to clinical recommendations that have been adopted nationally and have assisted non-specialist general practitioner (GP) anaesthetists working in remote centres.
Rural GPs manage a wide range of anaesthetics and practice in isolation 4 . Their ability to manage anaesthetic problems in remote settings depends on their training, which may have taken place in Australia or overseas. GP anaesthetists can enrol in a voluntary professional development program run by the Joint Consultative Committee on Anaesthesia, which is a tripartite committee with representatives from the Australian and New Zealand College of Anaesthetists, the Royal Australian College of General Practitioners and the Australian College of Rural and Remote Medicine. There are several hundred GPs currently participating. In South Australia, enrolment is required as part of threeyearly reaccreditation with the South Australian Department of Country Health, and includes practical sessions with a specialist anaesthetist. In some cases a specialist anaesthetist visits remote centres to provide onsite training. In addition, the Joint Consultative Committee on Anaesthesia provides training pathways for GP registrars and assessment of doctors trained overseas wanting to provide anaesthetic services in rural locations.
Ceduna is a remote rural community of 2000 people and has four procedural GPs. This audit was undertaken to assess the number and type of anaesthetic incidents in Ceduna over a five-year period from 2006 to 2010.
METHODS
In Ceduna there are visiting specialists in ear, nose and throat surgery, orthopaedics, gynaecology and general surgery, as well as a local GP obstetric service. Approximately 180 anaesthetics per year are performed by GP anaesthetists; occasional lists are provided by a locum consultant anaesthetist. Between 2006 and 2010 all four GP anaesthetists provided anaesthetics. Three were trained overseas (two in South Africa and one in the United Kingdom) and one in Australia. They had practised anaesthesia for between five and 20 years. The anaesthetists trained overseas had obstetric anaesthesia experience in foreign teaching hospitals, while the Australian trained GP had experience in anaesthesia, intensive care and the Royal Flying Doctor Service as part of a structured training program. In the same period there were no changes in theatre nursing staff, visiting surgeons or administration, providing a stable background for the theatre environment.
All hospital records of all patients receiving an anaesthetic between January 2006 and December 2010 at the Ceduna Hospital were identified and reviewed. Anaesthetic incidents were identified by comments or specific notations in the anaesthetic record, main patient file or warnings area of the file. Comments by both medical and nursing staff were included. These comments included any unexpected or adverse incidents during anaesthetic delivery and specific anaesthetic problems were sought concerning difficult airway management, blood pressure management requiring vasopressors or inotropes, adverse drug reactions, severe nausea and vomiting and adverse cardiac events requiring treatment. The identification of all adverse events required a specific comment. Individual anaesthetic records and postoperative charts were not scrutinised for adverse events.
This study was approved by the Human Research Ethics Committee at the University of Adelaide HR029-2009.
RESULTS
Between 2006 and 2010 there were 889 anaesthetics administered at Ceduna Hospital. Only about 2% were administered by a specialist (locum). Demographic characteristics of patients and surgery type are shown in Table 1 .
There were no anaesthetic-related deaths in this audit period. There were 16 intraoperative problems and seven postoperative problems documented; these are summarised in Table 2 . There were nine cases of unexpected difficult intubation which required use of equipment from a difficult intubation trolley (at Ceduna Hospital such equipment includes stylets, introducers, a range of laryngoscopes and laryngeal mask airways, a Trachlight intubation One elective case was abandoned, based on a failed intubation protocol and the patient was awakened and referred to a tertiary centre. There were two cases of laryngospasm requiring re-intubation (extubation occurs in theatre in Ceduna Hospital and patients are moved to the recovery area only once they are awake). One case occurred following a tonsillectomy and the other following a laparoscopy. Both patients recovered uneventfully. There were three cases of respiratory depression requiring prolonged observation (overnight admission) in hospital and one of these required naloxone. All occurred in recovery as part of postoperative pain management following intraabdominal procedures. The hospital uses the Royal Adelaide Hospital pain management protocol. In each case additional analgesia was required as part of this protocol.
There was one case of unexpected and prolonged hypotension requiring vasopressor support in a patient with a known history of hypertension and ischaemic heart disease. The patient made an uneventful recovery. No cause was identified and a subsequent cardiology review was unable to identify any new cardiovascular abnormalities.
There were two cases of prolonged bradycardia during gynaecology procedures in otherwise healthy patients. They were managed with atropine and position changes. There were two cases of hypertension requiring intervention in the recovery area despite adequate analgesia. They were both inpatients already on anti-hypertensive medication, which had been stopped preoperatively. A 70-yearold man who presented to the hospital with chest pain one week after an endoscopic procedure was transferred to Adelaide for assessment. No cardiac cause was found for his pain. There were no other cardiac events recorded.
There was one drug error recorded when the muscle relaxant was given before the induction agent. No adverse outcome was recorded in the notes at follow-up. There was only one case of postoperative nausea and vomiting requiring admission. There was one high spinal block (C7) in a 24-year-old patient undergoing an elective lower segment caesarean delivery. The patient required additional ephedrine boluses, but there was no other adverse outcome.
There were no neurological, metabolic, procedure-related or equipment-related events recorded.
DISCUSSION
These results demonstrate a low incidence of anaesthesia-related morbidity in this South Australian rural location. However, with a sample size of 889, it is not possible to comment on the likelihood of rare events. For example, anaesthesiarelated mortality in Australia is currently estimated at 1 in 50,000 anaesthetics, even less if American Society of Anesthesiologists physical status III to IV and elderly patients are excluded. Our audit also depended on the recording of anaesthesia adverse outcomes in the patients' notes and identification of these comments retrospectively.
The most common problem related to difficult intubation, which is reported with increasing frequency in anaesthesia incident monitoring programs 5, 6 . The availability of protocols 7 , crisis management manuals, better monitoring (including peripheral nerve stimulators) and regular professional development have helped rural GPs to manage difficult airway scenarios. Emergency scenarios are practised as part of ongoing staff education and teaching hospital protocols are used. It is hard to know what the effect of increasing use of laryngeal mask airways has had on maintaining skills related to difficult intubation. At our hospital use of a gum elastic bougie was the most commonly used piece of equipment to help anaesthetists manage a difficult intubation.
The purpose of this audit was to determine the overall anaesthetic morbidity at our hospital rather than to identify factors contributing to anaesthetic morbidity. Identifying such factors would be difficult with such a small sample, low incidence of adverse outcomes, and the absence of information on the prevalence of risk factors for the various outcomes. However, each case was reviewed at a local level to try to identify aspects of management that could have been improved.
Ceduna and many other remote centres share the problem of an unstable GP workforce and our hospital had four different GP anaesthetists over this audit period (one worked for two years and the others for one year each). Conversely the theatre, visiting surgeons and anaesthetic nursing staff all remained the same. There were also established protocols around anaesthetic and pain management derived from teaching hospitals 7, 8 , and the theatre and anaesthetic equipment was updated in 2005. The organisation provided by hospital nursing administration ensured consistency and encouraged ongoing professional development (Ceduna Hospital is accredited under the Australian Council on Health Care Standards program). Lastly, hospital policy ensured that all patients were assessed at least one week prior to elective surgery. The decision on whether to do an anaesthetic in Ceduna or refer the patient to a larger centre was based on the Pre-Anaesthetic Assessment by each GP anaesthetist and not on a derived protocol. Overall, the organisational factors appeared to be important in the low anaesthetic morbidity.
Programs to support rural GP anaesthetists vary between states and in South Australia there are opportunities to attend meetings and spend time with specialists in larger rural hospitals or tertiary centres. In some cases, specialists visit rural sites and provide one-on-one teaching. Opportunities to develop skills in obstetric and paediatric anaesthesia are also made available in tertiary centres. Feedback on these sessions allows GPs to apply for privileges in subspecialist fields. In many but not all cases, the educational pathways are provided via the Joint Consultative Committee on Anaesthesia. Anaesthetic training program organisers may wish to consider rural placements as a further training and teaching opportunity to support GP anaesthetists in their own rural environment 11 .
We consider the quality of the data in this audit as good, but it is dependent on the information recorded in patient notes. This hospital uses paper records and prints a record of observations. Anaesthetists and staff are encouraged to independently record events and discuss critical incidents as part of professional development and clinical services reviews. Monthly meetings review all clinical incidents including anaesthetic incidents and case note entries; Ceduna continues to participate in the Safety Learning System study which commenced in 2011. Anecdotally, the Australian Incident Monitoring Study reporting system was time-consuming and it is hoped that its successor will prove to be more user friendly. Reporting systems in general need to be easy to use and to feed back to users in a meaningful way. The authors' efforts to obtain feedback from the Australian Incident Monitoring Study database both directly and from Ceduna were unsuccessful. A separate approach was made to one of the medical insurance providers to compare the number of adverse events. The outcome was unsuccessful for confidentiality reasons. The low number of events recorded is likely to reflect both the low risk group of anaesthetics provided and under recording of events which anaesthetists otherwise consider resolved without adverse patient outcomes. It may be necessary to spend more time educating GP anaesthetists about incident reporting systems to ensure better quality data. It was the authors' observation that the compulsory recording of clinical variables during all anaesthetics greatly increased the amount of information recorded on the anaesthetic chart after 2005, when all anaesthetic equipment was upgraded at Ceduna. Ultimately it may be better to consider future software programs that search raw data directly, rather than relying on individual interpretation of clinical events.
This five-year audit of anaesthetic services in a remote hospital in South Australia has shown a low incidence of anaesthetic morbidity. The case selection and organisational factors, both clinical and administrative, together with a stable theatre environment, were important in achieving the low rates of morbidity. As the results only apply to this rural hospital, the authors encourage other GP anaesthetists to do their own rural hospital audits and assist in the ongoing development of safe anaesthetic environments.
